Background Huntington disease is a fatal inherited neurodegenerative disease. Because the end result of Huntington disease is death due to Huntington disease-related causes, there is a need for better understanding and caring for individuals at their end of life. Aim The purpose of this study was to develop a new measure to evaluate end of life planning. Design We conducted qualitative focus groups, solicited expert input, and completed a literature review to develop a 16-item measure to evaluate important aspects of end of life planning for Huntington disease. Item response theory and differential item functioning analyses were utilized to examine the psychometric properties of items; exploratory factor analysis was used to establish meaningful subscales. Participants Participants included 508 individuals with pre-manifest or manifest Huntington disease. Results Item response theory supported the retention of all 16 items on the huntington disease quality of life ("HDQLIFE") end of life planning measure. Exploratory factor analysis supported a four-factor structure: legal planning, financial planning, preferences for hospice care, and preferences for conditions (locations, surroundings, etc.) at the time of death. Although a handful of items exhibited some evidence of differential item functioning, these items were retained due to their relevant clinical content. The final 16-item scale includes an overall total score and four subscale scores that reflect the different end of life planning constructs. Conclusions The 16-item HDQLIFE end of life planning measure demonstrates adequate psychometric properties; it may be a useful tool for clinicians to clarify patients' preferences about end of life care.
Introduction
Individuals with an expansion mutation in the huntingtin gene will eventually develop clinically significant symptoms of Huntington disease (HD), with average age of onset around 40 years. HD causes insidious and progressive motor, behavior and cognitive decline. As the typical course ranges from 15 to 20 years after diagnosis until death due to HDrelated causes, it is important for individuals with HD and their families to plan for end of life care, and for physicians to understand late-stage HD well enough to provide effective counseling to these families [1] . Unfortunately, few studies have focused on end of life (EOL) in HD. Talking about EOL and death and dying can be uncomfortable for the patient, the family, and the clinician; [2] research suggests that individuals with HD often do not discuss their EOL thoughts or wishes with physicians [3] . Many physicians neglect to initiate and even avoid these discussions, despite data suggesting that they recognize the importance of discussing EOL options with all patients, particularly those with a terminal disease [4, 5] . Furthermore, hospice care is underutilized in individuals with HD and those that are engaged in these programs are enrolled longer than other clinical groups and tend to die in a long-term care facility rather than at home (this is regardless of an emphasis for hospice care to enable patients to die at home) [6] . Improving the dialogue between patients and physicians about EOL should be an essential component for caring treatment of these patients [3] . To this end, a brief assessment tool with patient-reported EOL preferences and planning may provide an avenue for physicians, social workers, nursing and palliative care staff, and patients to initiate these difficult conversations.
Position papers and guidelines for clinical care at the EOL constitute the bulk of the published literature on EOL in HD [5, [7] [8] [9] [10] . Papers that address the quality of EOL care focus on the important issue of family-reported satisfaction [11] , but do not consider the patient's perspective. A few studies have gathered patient data about EOL concerns but only as a secondary focus rather than a primary aim [3, [12] [13] [14] . These few studies provide evidence that EOL issues contribute to health-related quality of life [12, 13] . Not surprisingly, the few studies that focused solely on EOL in HD reported that preferences for EOL care and planning varied widely. Some individuals had clear preferences about EOL and took steps to articulate these preferences in the form of advance directives and euthanasia. Others had only general ideas, particularly about circumstances to avoid, but may not have made these desires known to others. Finally, some may be unable to articulate clear preferences [3, 14] .
Further, while concerns have been raised about advanced care planning and associated increases in anxiety [15] , this has not been addressed in research. Specifically, there is research in the general aging population [16] as well as in patients with cancer [17, 18] to suggest that advance care planning may reduce family stress, anxiety, and depression. Furthermore, a detailed systematic review of advance care planning across clinical populations reported that advance care planning either did not change or improved quality of life (i.e., no evidence suggested that advance care planning diminished HRQOL) [19] . Therefore, articulating end of life preferences likely has a positive downstream effect on the health-related quality of life (HRQOL) for individuals with HD and their families.
Thus, the purpose of this study was to develop a new measure to evaluate EOL preferences for individuals with HD. The state-of-the-science approach to the development and validation of this measure will ultimately improve EOL care for individuals with HD.
Methods
Individuals with pre-manifest (i.e., those with the CAG expansion for HD but no clinical diagnosis) or manifest HD were invited to participate in this study. Individuals were at least 18 years of age, able to read and comprehend English, capable of providing informed consent and had either a positive test for the CAG expansion for HD or a clinical diagnosis of HD. Participants were recruited through HD treatment centers (University of Michigan, University of Iowa, University of California-Los Angeles, Indiana University, Johns Hopkins University, Rutgers University, Struthers Parkinson's Center, and Washington University in St. Louis), the Predict-HD study which encompasses a well-characterized, pre-manifest HD sample (Cleveland Clinic, Indiana University, Johns Hopkins University, University of California-San Francisco, University of Iowa, and Washington University) [20] [21] [22] , electronic medical record review [23] [24] . Briefly, participants completed both an in-person clinical assessment and a series of self-report measures using an online data capture platform (i.e., assessmentcenter.net). The EOL measures that are the focus of the current report are described below.
HDQLIFE end of life planning
The HDQLIFE EOL Planning measure is comprised of 16 items developed from focus group data, expert input, and a comprehensive literature review (see "Appendix") [25] . Items were refined through an iterative process using expert review, translatability review, and cognitive interviews with individuals with HD following established methodological standards for new measurement development. Items also underwent a literacy review using the Lexile framework [26] to ensure that the items did not exceed a fifth grade reading level. This measure was completed as part of the online selfreport assessment battery.
Participant characterization
Participants were characterized as either pre-manifest or manifest HD using data collected through the in-person clinical assessment. Specifically, pre-manifest HD participants had a positive test for the CAG expansion that causes HD (i.e., CAG > 35), but no clinical diagnosis (which was determined using the final question on the Total Motor Scale from the Unified Huntington Disease Rating Scale [UHDRS; 27] which asks the clinician to indicate whether or not the participant has motor manifestations that are unequivocal signs of manifest HD; if the rater did not feel with at least 99% confidence that the participant had manifest HD, the participant was classified as pre-manifest). Manifest HD participants had a clinical diagnosis of HD (confirmed by medical record review, and a 99% or greater confidence rating score by a clinician on the final question on the Total Motor Scale from the UHDRS [27] ). Manifest participants were classified as either early-or late HD using the 5-item clinician-administered Total Functional Capacity (TFC) Scale [28] from the Unified Huntington Disease Rating Scale (UHDRS) [27] . The TFC evaluates day-to-day functioning for occupation, finances, domestic chores, activities of daily living, and care level. Scores range from 0 to 13, with higher scores indicating better functioning. Participants with an HD diagnosis and TFC sum scores of 7-13 were classified as early-stage HD (stages I and II) and those with an HD diagnosis and TFC sum scores of 0-6 were classified as late HD (stages II, IV, and V) [29] . TFC data was missing for two participants who could not be characterized.
Analysis approach

Item response theory (IRT) analyses
The 16 items from HDQLIFE EOL planning were evaluated using Samejima's graded response model (GRM) [30] in IRTPRO 2.1 [31] . In this two-parameter logistic IRT model, item responses were used to estimate the "measure" (the person's score on the latent trait). The two parameters are item location on the latent trait and item slope, which indicates how well the item discriminates (distinguishes) between person differences across the latent trait [32] . Items demonstrating good model fit were retained, while items displaying significant misfit (S-X2, p < 0.01) were candidates for exclusion.
Differential item functioning (DIF) was used to evaluate stability of measurement properties between sub-groups using IRT-scaled score-based ordinal logistic regression; [33] DIF was evaluated on sex, age (≤ 40 vs. > 40; ≤ 50 vs. > 50 years), and education (high school graduate or less vs. greater than high school). Items with DIF (non-negligible DIF criterion: R 2 > 0.02 and p < 0.01) were discussed by the study team and were candidates for exclusion.
Reliability and construct validity
Exploratory factor analysis (EFA) with a promax rotation was used to determine the number of factors within the item pool according to Eigenvalues (> 1) and the number of factors before the break in the scree plot. A promax rotation was used to determine items and their associated factor (criterion > 0.4) and inter-factor correlations. Each unidimensional set of items (determined by EFA) was then subjected to confirmatory factor analysis (CFA) to assess model fit using the second randomly generated dataset. CFA used the following criteria: (1) Comparative Fit Index (CFI) > 0.90, (2) root mean square error of approximation (RMSEA) < 0.1 [34] [35] [36] [37] , and (3) residual correlations < 0.15 [38] [39] [40] . An iterative process including clinical input was taken into account to finalize item exclusion/inclusion [38] [39] [40] . EFA and CFA were conducted using MPLUS 6.11 [41] . In addition, marginal reliabilities (i.e., IRT-based estimates of reliability) were examined to determine acceptable reliability of the measure (> 0.80).
Scoring
The IRT-scaled scores (theta) were converted into a standardized T score (mean 50, SD 10, referenced to the HD population represented by the current sample). Descriptive data for the different HD groups are provided, and one-way analysis of variance was used to determine if there were group differences for any of the subscale scores or the total score for this new measure.
Results
A large sample (n = 508) of individuals with pre-manifest (n = 197) or manifest HD (n = 195 early-[(41% stage I and 59% stage II) and n = 114 late-stage HD (73% stage III, 24% stage IV, and 3% stage V)] completed the 16 items. Detailed demographic data are reported in Table 1 .
IRT analyses
IRT parameter estimates from the GRM indicated slopes ranged from 0.60 to 4.77 and thresholds ranged from − 2.80 to 7.91 (see Table 2 ); 11 of the 16 items examined using S-X2 model fit statistics had misfit statistics (p < 0.05). Information was good for scaled scores between − 1.5 and 1.0; see Fig. 1 for the scale information function. There was no DIF for age. Two items had elevated R 2 (i.e., > 0.02) and DIF (p < 0.01) for education (the items for Life Insurance and Finances) and four items had elevated R 2 (i.e., > 0.02) and DIF (p < 0.01) for gender (location of death preference, conversations about death and dying, funeral arrangements and preference about death). These items were discussed by the team as potential candidates for exclusion. Given that the team recognized that the content of the items was relevant and clinically meaningful, and that items were not consistently biased (i.e., for age, gender, and education), the team decided to retain these items in the final version of the measure. Thus, all 16 items were retained for inclusion in this scale.
Reliability and construct validity
EFA indicated that the data could be explained by four factors ( Table 3 ). The first factor included three items that generally represented legal planning for EOL; the second factor included three items concerning preferences for EOL care; the third factor included five items that generally represented preferences about death and dying; and Table 1 Demographic information for Huntington disease participants a Significant group differences for age, F (2, 503) = 44.89, p < 0.0.001: the pre-manifest group was significantly younger than both manifest groups b Differences for education, F(2, 501) = 15.62, p < 0.001 c CAG-age product score which provides an estimate of disease burden with regard to time until clinical diagnosis; it reflects the likelihood that a genetically at-risk individual will be diagnosed with HD given both their CAG repeat length and their current age within a specific time frame [48] Variable Pre-manifest (n = 197) Early (n = 195) Late (n = 114) All (N = 508) 
Scoring
Discussion
This study presents the development of a new patientreported outcome measure to evaluate EOL planning and preparation in HD, the HDQLIFE EOL planning measure. This measure is a part of the HDQLIFE measurement system [24] , which includes several HD-specific HRQOL measures [42, 43] , as well as two HD-specific patient-reported outcomes of EOL concerns (concern with death and dying; meaning and purpose) [44] . This new measure provides a patient-reported assessment to foster end of life planning in this population and includes both a total score and four meaningful subscale scores, including legal planning, preferences for care, preferences for death and dying, and financial planning. The total and subdomain scores all use a T metric, with a mean of 50 and standard deviation of 10; higher scores indicate more preparation and planning. As such, a low total score, and/or low scores on any single subdomain (i.e., scores ≤ 40 or those individuals that have engaged in less planning and preparation than 68.27% of people with HD) might be used as either the starting point for a general discussion about EOL wishes (in the case of low total score) or for more targeted discussion about legal planning, In general, we want total information to be > 9.0 and standard error to be < 0.33 (this provides a reliability of 0.9). This figure shows excellent total information and standard error for end of life planning and preparation short form scale scores between − 1.5 and 1.0 preferences for care, preferences for death and dying, and/ or financial planning. This overall reliability of the HDQLIFE planning measure was very good, and subdomain scores ranged from adequate to very good. The reliability of Preferences for Care and Financial Planning subdomains were slightly lower than recommended for a new measure [45, 46] , so additional consideration when using these scales is appropriate. Regardless, construct validity of these four factors was supported by EFA. There is evidence that individuals with HD often do not discuss their EOL thoughts or wishes with physicians. 2 Thus, this study provides preliminary support for the reliability and validity of this new measure that can be used to foster productive and meaningful discussions about this sensitive topic in conjunction with established clinical guidelines of EOL care [2] .
While this new measure provides a brief assessment of EOL planning and preparation, this study does have several limitations. First, reliability and validity data are preliminary; a more thorough evaluation of the psychometric properties of this measurement tool, and further analysis of the clinical utility of this tool should be examined to foster discussions about EOL planning. In addition, while item concepts are broad, legal issues related to end of life planning vary by state (within the United States), as well as by country; more work is needed to understand how these differences may impact the clinical utility of this tool. Furthermore, establishing generalizability of findings to a broader HD sample requires more work. Specifically, a large portion of study participants were recruited from specialized HD clinical centers, whereas most persons with HD do not attend such centers. Similarly, a large portion of participants were recruited through the PRE-DICT-HD study, which targets persons who have elected to undergo gene testing, something that only a small percentage of individuals at risk for HD typically do [47] . Furthermore, while our study examined individuals across the HD disease spectrum, the reliability of self-report data, especially in individuals in the later stages of the disease, has not been assessed. As such, future work that examines the accuracy of responses (e.g., data confirmation by other family members) for self-report responses in this population is warranted. Additional work is needed to determine when, and how frequently this measure might be used to optimize treatment discussions and clarify end of life planning preferences for these individuals and to better understand how patient-reported planning and preparation influences family-reported satisfaction regarding quality of care at the end of life.
Regardless of these limitations, this is the first HD-specific EOL planning and preparation measure. This brief measure demonstrates adequate psychometric properties and has the potential to improve clinical care at the end of life by providing an easy starting point for patient and clinician discussions about EOL care. Furthermore, although this measure was designed specifically for HD, it may also have clinical utility in other neurodegenerative conditions. As such, this provides an important step in the evaluation of patient preferences and planning in relationship to EOL care. 
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